We demonstrate the realization of (laterally) optically bounded colloidal structures on a liquidliquid interface of an emulsion droplet. We use DNA tethers to graft the particles to the droplet surface, effectively confining them to a quasi-2D plane with minimum constraints on the lateral movement even when optically trapped in a common single-beam configuration. We show that relatively weak interactions such as depletion can be measured in the optically bounded crystals by video-microscopy imaging and analysis. This illustrates the possible use of our system as template to study optically controlled quasi two-dimensional colloidal assembly on liquid-liquid interfaces.
of a solid surface as a support for the crystal [10] . This introduces an external constraint, which could greatly affect the crystal formation and even cause irreversible aggregation between the colloids and the surface. A satisfactory study of lateral optical binding in a simple, single-beam configuration is thus missing, at the best of our knowledge. In this Letter, we show that our recent DNAfunctionalized oil-droplet (OD) model system [11] can be successfully employed to experimentally study single-beam optical trapping on a flat, quasi-clean surface. After a brief introduction of our system, we report qualitative observations of the lateral optical binding of colloidal particles grafted to the ODs.
We present a quantitative characterization of the obtained crystal structures upon tuning the inter-particle interactions. Finally, we report potential energy measurements of a single trapped particle at the liquid-liquid interface, which help us understand the variations in the potential felt by the particles by tuning the light intensity and trap position.
We created DNA-functionalized ODs with a typical diameter of 20 − 30 µm following a protocol described in [11] . The singlestranded (ss)DNA at the oil-water interface is denoted with A. We used polystyrene (PS) particles with a diameter σ = 0.5 µm or 1.2 µm, functionalized with the complementary ssDNA, A'. These anchor reversibly to the interfaces via DNA hybridization, as described elsewhere [12] . It has been shown that the solvent conditions, namely the concentration of non-adsorbed sodium dodecylsulfate (SDS), influences the depletion interactions between the grafted colloids, which otherwise do not interact [11] . We used a custom built optical-tweezers setup, consisting of a 2 W 1064 nm laser (CrystaLaser) mounted on a Nikon Eclipse Ti-E inverted microscope, described earlier [13, 14] izations [9, 10] . In addition, it reduces degradation of the trap quality due to optical aberrations present at the far side of the sample chamber allowing us to study the quasi-2D
crystallization of colloids on a perfect liquidliquid interface.
As an example, we studied the structure of light induced crystals by examining their radial distribution function g(r). Particle positions were obtained by means of video-microscopy based particle tracking.
Fluorescence images were analyzed via a script adapted from the centroid algorithm developed by Crocker and Grieg [15] and adapted by Blair and Dufresne for MATLAB [16] . Subsequent g(r) calculations were performed by an algorithm based on a routine implemented in computer simulation (e.g.
see [17] ) and adapted for use on experimental data. Carlo simulations of hard disks at an intermediate density.
The two reference SDS densities are chosen to be below and above the critical-micelle concentration (CMC) for the studied system (c CMC 2.5 mM ). We observe a small difference in the g(r) peak heights for the two systems shown in Figure 2 In order not to impose any constraint on the bead's lateral movement due to the surface tethering, we had to ensure that the optical trap was not focused in the oil phase or too far into the aqueous phase, away from the droplet surface. Furthermore, we also had to choose an appropriate trap stiffness for a not too strong confinement.
Hence we assessed the trap strength and "shape" for different positions of the trap focus below and above the oil-water interface.
We measured the potential of a single colloid grafted to the OD surface with the technique known as "equilibrium distribution method" [20] . Upon activating the tweezers, short movies with 800 frame per second Gaussian beam, the bead motion can be approximated as the motion of a particle in a harmonic well with trap stiffness κ:
Furthermore, the trap stiffness is directly proportional to the beam intensity [4] . This shows a possible use of our system as
